OBJECTIVES: To assess the relationship of body weight and anthropometry to all-cause mortality in older men. DESIGN: A prospective cohort study of 3741 elderly Japanese-American men, enrolled in the Honolulu Heart Program. For this report, the follow-up began at baseline examinations (1991 ± 1993), when the men were aged 71 ± 93 y. MEASUREMENTS: Variables of interest were body mass index (BMI), waist-to-hip ratio (WHR), and the sum of the subscapular and triceps skinfold thickness. Possible confounders included age, education, physical activity index, smoking, alcohol consumption, systolic and diastolic blood pressure, cholesterol, glucose and insulin concentrations. RESULTS: After an average of 4.5 y of follow-up, 766 men (21%) had died. Higher BMI was associated with lower adjusted mortality risks (relative risk (RR)) highest vs lowest quintile-based category 0.5, 95% con®dence interval (CI): 0.4 ± 0.6, P-trend`0.001). Results were independent of WHR, and did not change after excluding current and former smokers or those who died within one year of follow-up. The relation between WHR and mortality appeared to be U-shaped, but after adjustment for BMI, a higher WHR steadily increased the risk of dying (RR highest vs lowest category 1.5, 95%CI: 1.1 ± 2.0, P-trend 0.004). Especially in subjects with a high BMI, there was a positive association between WHR and mortality. The results for skinfold thickness were similar to the results for BMI, but less strong. CONCLUSIONS: In older men, BMI and skinfold thickness showed a consistent inverse association with mortality, even after accounting for early mortality. The WHR, on the other hand, was positively related to mortality, especially when BMI was high. Thus, excess abdominal fat mass (FM) warrants closer concern than being overweight, in terms of affecting mortality in the elderly.
Introduction
The prevalence of obesity among American people has increased substantially during the past decade. 1 A recent meta-analysis of prospective cohort studies among middle-aged subjects showed that the association between body mass index (BMI) and all-cause mortality was U-shaped, and that the increased mortality among underweight subjects could only partly be explained by smoking status and pre-existing illness. 2 A number of studies examined the relationship between BMI and mortality in the elderly. The results were inconsistent, showing either a U-shaped association ,3 ± 6 an inverse association ,7 ± 10 or no association at all. 11, 12 It has been suggested that a measure of body fat distribution, such as the waist-to-hip circumference ratio (WHR), may be a better predictor of mortality than the BMI. However, studies that investigated the relationship between anthropometric measurements and mortality in the elderly are limited. Among middle-aged subjects it was found that, when both BMI and WHR were taken into account, the WHR was strongly and positively related to mortality, whereas BMI was not or even inversely related to mortality. 13 ± 15 The exact association of body weight and body fat distribution with mortality in the elderly remains in doubt. The purpose of the current study was to examine these associations in a prospective population-based study of elderly men, enrolled in the Honolulu Heart Program. The relation of BMI, WHR and skinfold thickness to mortality was investigated, while taking smoking and early mortality into account.
Methods
The Honolulu Heart Program is a population-based prospective study of coronary heart disease (CHD) and stroke among a cohort of 8006 Japanese-American men, who were born between 1900±1919 and were living on the island of Oahu, Hawaii. 16 Examinations were given at the time of study enrolment between 1965 and 1968, and periodically during a course of follow-up which has now entered its 33rd year. Men living in a nursing home were included in this study. The study was approved by an institutional review committee and informed consent was obtained from the study participants.
Study population
The baseline examinations for this study were given between 1991±1993, when the men were aged 71± 93 y. At that time, 3741 (80%) of the 4676 men who were still alive were examined. Information on BMI was available for 3594 men, on skinfold measures for 3645 men, and on WHR for 3664 men. After the baseline examination, up to six years of follow-up (on average 4.5 y) were available to examine the relationship of body weight and anthropometry to the risk of death, based on a comprehensive surveillance of death certi®cates, hospital admissions and obituary notices.
Data collection
The 1991±1993 examinations included extensive interviews and anthropometric, physiological and other laboratory measurements. Methods used are described in greater detail elsewhere. 17 Weight was measured to the nearest 0.1 of a kilogram with the subjects wearing minimal clothing. Height was obtained to the nearest centimeter without wearing shoes. BMI was calculated as weight (kg) divided by height squared (m 2 ), and used as an index of generalized obesity. Triceps and subscapular skinfold thickness, as a measure of subcutaneous fat mass (FM), was measured to the nearest millimeter with Lange calipers, and the sum was used in our analyses. 13, 14 The WHR was considered an estimation of body fat distribution. Waist and hip circumferences were measured to the nearest centimeter; the waist circumference at the level of the umbilicus with the subject standing, and the hip circumference at the level of the iliac crest.
Confounding and mediating variables that were taken into account included age, years of education, physical activity, alcohol consumption (mlad), cigarette smoking (number of cigarettesad), systolic and diastolic blood pressure (mean of two measurements), total cholesterol, fasting glucose and fasting insulin. Furthermore, we examined effect modi®cation by smoking status (never, former, current). An index of physical activity was derived by summing the number of hours per day spent in ®ve different activity levels (basal, sedentary, slight, moderate and heavy) after multiplication by a weighting factor based on the amount of oxygen required to undertake the activity. 18 After an overnight fast of 12 h, blood specimens were obtained. Total cholesterol was measured in plasma, using the same laboratory and standard enzymatic methods as in the Cardiovascular Heart Study. 19, 20 Glucose was measured with a Kodak Ektachem 700 analyzer with reagents (Eastman-Kodak, Rochester, NY), and insulin was measured by a double antibody radioimmunoassay (RIA) method 21 at the University of Washington (Diabetes Endocrinology Research Center Core Radioimmunoassay Laboratory, Seattle, WA) after storage at 770 C. Further description of these and other characteristics considered in this report is provided elsewhere.
16,22

Statistical analysis
To allow for possible nonlinear relationships with mortality, the indices of body weight and anthropometry were categorized into quintile-based categories. In order to compare baseline characteristics across the quintile-based categories of BMI, age-adjusted mean levels of these risk factors were calculated for each category. 23 Age-adjusted absolute mortality rates across the categories were calculated using logistic regression models. 23 To assess the adjusted relative risk of dying according to body weight and anthropometry, multivariate Cox regression models were used. 24 Dummy variables for the quintile-based categories of BMI, skinfold thickness and WHR were entered into the model separately and together. Adjustments were made for all possible confounders and for age alone. Each continuous measure of body weight and anthropometry was also entered into the model as both a linear and quadratic term. In addition, mortality rates and relative risks were examined according to baseline smoking status. Because subclinical underlying disease may confound the relationship between low body weight and mortality, we repeated the analyses after exclusion of subjects who died within one year of follow-up. We tested for interaction between BMI and WHR, BMI and skinfold thickness, and between WHR and skinfold thickness. For graphical purposes, the combined effect of BMI, WHR and skinfold thickness on mortality was described across tertile combinations of the measurements.
Results
The mean age of the participants at baseline was 77.7 y (s.d. 4.6). Table 1 gives mean levels and percentiles of BMI, the sum of the subscapular and triceps skinfold thickness, and the WHR according to ®ve-year age groups. The mean BMI decreased from 24.2 kgam 2 in men aged`75 y to 21.9 kgam 2 in men aged ! 85 y (P`0.001). The other two measures declined with increasing age as well (P`0.001). Table 2 describes the relationship between BMI, WHR and the other factors considered in this report. Systolic blood pressure, total cholesterol, fasting Body weight and mortality S Kalmijn et al glucose and fasting insulin were signi®cantly higher in the upper, compared to the lower, quintile-based category of BMI and WHR, after adjustment for age. The number of cigarettes smoked per day decreased with increasing BMI, but did not differ across the WHR categories. The number of years of education decreased with increasing BMI and WHR. Furthermore, WHR was positively associated with alcohol consumption and inversely with physical activity. Similar patterns of association as described for BMI were observed with skinfold thickness, except for the fact that alcohol consumption decreased with increasing skinfold thickness (P-trend`0.001).
After an average of 4.5 y of follow-up (s.d. 1.3), 766 of the 3594 men (21.3%) had died. Overall mortality rates increased from 10.8% in subjects aged`75 y to 50.5% in subjects aged ! 85 y (P`0.001). Since age-adjusted absolute mortality rates were similar among former and current smokers, we combined these two groups to increase statistical power. The mortality rates decreased substantially with increasing BMI among former or current smokers (32.6% in the lowest vs 16.9% in the highest BMI quintile, P`0.001) ( Figure 1A ). Among never smokers, the same downward trend was seen, although less clear (21.7% vs 14.5%, respectively, P 0.002). Similarly, age-adjusted mortality rates declined signi®cantly with increasing skinfold thickness, especially in former and current smokers ( Figure 1B ). The association between WHR and absolute mortality, however, appeared to be U-shaped among former and current smokers (P-value for quadratic term 0.02), with the lowest mortality rate in subjects in the third quintile (19.2%) ( Figure 1C ). Among never smokers, no clear association between WHR and absolute mortality could be discerned.
To account for underlying diseases that could affect both weight and mortality risk, we calculated the age- 3)***** *P`0.05 by test for trend; **Standard deviation between parenthesis; ***P`0.01 for difference with lowest tertile; ****P`0.05 for difference with lowest tertile; *****P`0.001 for difference with lowest tertile; ******P`0.001 by test for trend.
Body weight and mortality S Kalmijn et al adjusted mortality rates after exclusion of subjects who died within one year of follow-up. After these exclusions were made, there were no marked changes in the patterns shown in Figure 1 , although death rates were reduced by 9% on average. Table 3 gives the results of the Cox regression analyses, which showed an inverse association between BMI and mortality. After adjustment for age, subjects in the highest quintile of BMI had a 50% lower risk of dying than those in the lowest quintile (95% con®dence interval (CI): 0.4±0.6) with a signi®cant trend (P`0.001). With increasing skinfold thickness, the mortality risk decreased as well, although slightly less strongly (Relative risk (RR) for highest vs lowest quintile 0.6, 95%CI: 0.5±0.7, P-trend`0.001). The association between WHR and mortality appeared to be U-shaped. Subjects with a WHR between 0.93±0.96 (third quintile) had the lowest age-adjusted mortality risk compared to the lowest quintile (RR 0.8, 95% CI: 0.7±1.0). Adding a quadratic term yielded a P-value of 0.009. When we included age squared or other confounding factors in the model, the relative risks were essentially the same as after adjustment for age alone. When we excluded ever smokers and those who died during the ®rst year of follow-up (n 2407), the adjusted RR was lowest in the fourth quintile of BMI compared to the ®rst quintile (RR 0.6, 95% CI: 0.4±1.0) and the P-value for trend was still signi®cant (P 0.005). In this latter analysis, a quadratic effect of the WHR on mortality was no longer statistically signi®cant (P 0.5).
To examine the independent effects of BMI, WHR and skinfold thickness, all indices were entered into one model together. The association between BMI and mortality remained an inverse one (RR highest vs lowest quintile 0.4, 95%CI: 0.3±0.6, Ptrend`0.001). On the other hand, a positive association was observed between WHR and mortality (RR highest vs lowest quintile 1.5, 95%CI: 1.1±2.0, Ptrend 0.004), which did not change after exclusion of former or current smokers. Skinfold thickness was not related to mortality after adjustment for BMI and WHR. There was a signi®cant interaction between WHR and BMI (P`0.001), between BMI and skinfold thickness (P 0.003), and between WHR and skinfold thickness (P 0.003). Figure 2 provides a graphical measure describing these latter ®ndings. Although BMI was inversely associated with mortality within each tertile of the WHR (P`0.001 for each WHR tertile), the WHR appeared to have its strongest association with mortality among individuals in the highest tertile of BMI (Figure 2A ). The WHR was positively related to mortality in the medium and high BMI tertiles (P 0.02 and P`0.001, respectively). Among subjects with a low BMI, the mortality rates were lowest in the middle tertile of the WHR, meaning the association was U-shaped. The quadratic term was however not signi®cant (P 0.83). The association between WHR and mortality in the highest and middle BMI tertile was signi®cantly stronger, compared with the association in the lowest tertile (P`0.001 and P`0.001, respectively).
An inverse association could be observed between BMI and mortality in the lowest two tertiles of skinfold thickness (P`0.001), but not when skinfold thickness was high (P 0.54) ( Figure 2B ). Skinfold thickness was inversely related to mortality in the lowest tertile of BMI only (P`0.001). The WHR was positively related to an increased risk of dying in the highest tertile of skinfold thickness (P`0.001) Figure 1 Age-adjusted absolute mortality rates according to quintiles of body mass index (BMI), skinfold thickness and waist-to-hip ratio (WHR), in former or current and never smokers.
Body weight and mortality S Kalmijn et al ( Figure 2C ). The association in the lowest skinfold thickness tertile seemed to be U-shaped, but the quadratic term was not signi®cant (P 0.84). Skinfold thickness showed an inverse relationship with mortality in the top and bottom WHR tertiles (P`0.001 and P 0.03, respectively) ( Figure 2C ). The association in the middle tertile was not signi®cant (P 0.16).
Discussion
In this study of older Japanese-American men, mortality risk decreased with increasing BMI, which could not be explained by current or former smoking, or by early mortality. Moreover, this inverse association was independent of WHR and skinfold thickness. Skinfold thickness showed a similar inverse relation to mortality, although less consistently. On the other hand, in subjects with a high BMI or skinfold thickness, the WHR was positively related to mortality risk. One of the strong points of the present study is that the participation rate was high and the loss to followup minimal, due to the low out-migration rate of about one per thousand per year. We studied a representative sample of the general population, since we examined men living at home and in the nursing home. Furthermore, we had information on different measures of body weight and body fat distribution, whereas most studies among elderly only examined the association between BMI and mortality. The indicators of body weight and body fat distribution were measured in a standardized way, by specially trained nurses and technicians. Many confounders and intermediates could be taken into account. We adjusted for current, and also for former smoking, as it was shown that among former smokers the association between body weight and mortality was similar to that among current smokers. Finally, we recalculated the analyses, after excluding the men who died within one year of follow-up, which may reduce the effect of sub-clinical disease on the relation between low BMI and mortality.
Although there are many studies that examine the relationship between BMI and mortality in middleaged subjects, 2 only some investigated this in the elderly. 3 ± 12 Most of the studies among subjects aged b 65 y, observed a U-shaped association, 3 ± 6 but some of them used self-reported weight and height measures, 3, 6 or did not adjust for smoking status. 3 A number of studies found an inverse association between BNI and mortality in the elderly, 7 ± 10 whereas others found no association. 11, 12 A previous report from the Honolulu Heart Program 10 showed that mortality rates were highest among men with reduced pulmonary function and a low BMI, which to some extent could be explained by smoking behavior. A Norwegian study among 1.7 million people showed that the U-shaped association between BMI and mortality in middle-aged subjects changed to an almost horizontal association in subjects aged b 75 y. 11 However, no adjustments could be made for smoking or other confounders. A study on participants from EPESE who were aged b 70 y, observed an inverse Body weight and mortality S Kalmijn et al association between self-reported BMI and mortality, which disappeared after exclusion of subjects who died within three years, or who had physical disabilities. 12 Two Finnish studies observed results comparable to ours. 7, 8 The highest BMI was associated with the lowest mortality risk among non-institutionalized subjects between the ages of 84±88 y, 7 and among a general population aged 85 y. 8 Both studies did not adjust for smoking, but the frequency of current and former smoking was low. A recent study examining almost 80 risk factors for mortality among subjects aged 65 y showed an independent association between low body weight and an increased risk of dying. 9 Studies on the association between WHR and allcause mortality among middle-aged subjects are scarce, 13 ± 15 and even more so among the elderly. Findings suggested that when both BMI and WHR were taken into account, the WHR was a better predictor of mortality than BMI. In accordance with our results, a study among Iowan women aged 55± 69 y, found a positive association between WHR and mortality, whereas the association between BMI and mortality was inverse when these measures were put together in a multivariate regression model. 15 The study was not population-based, and BMI and WHR were self-reported and self-measured, though. Two population-based studies from Sweden among middleaged men 13 and women 14 showed an increased mortality with higher WHR after smoking and BMI had been taken into account, whereas the association between BMI and mortality was absent.
We found that the risk of dying decreased steadily with rising BMI. A possible explanation for the lack of an increased mortality risk among people with a high BMI may be that there were few obese participants in the Honolulu Heart Program, compared to most populations in the USA. The average BMI in the highest quintile was 27.9 kgam 2 and the 95th percentile was 28.9 kgam 2 . Several studies suggested that the optimal BMI among older subjects is shifted upwards, and ranges from approximately 27±31 kgam 2 . 25 Another reason could be selective survival and nonresponse of heavy subjects, that is, those who were susceptible to the adverse effects of high body weight have already died at a younger age or are at higher risk of dying, leaving only the less susceptible heavy subjects. Finally, among older persons, a high BMI seems to be less strongly related to the mediating factors that are related to mortality, such as dyslipidaemia, hypertension and insulin resistance. 26 In addition, these risk factors may have an altered relative effect on mortality in the elderly, thereby changing the effect of body weight on mortality.
A number of explanations can be offered for the increased mortality risk among people with a low BMI. Leanness may be a real risk factor, because of nutrient de®ciency, frailness (including a higher risk of hip fractures) and reduced functional status. A low dietary intake has been related to impairment of the immune system in rats. 27 A low body weight may be a risk indicator as well, re¯ecting underlying illness, which is subsequently related to mortality. Although the exclusion of subjects who died within one year of follow-up did not essentially change our results, the association may still be confounded by underlying disease. 28 Especially in the elderly, subjects with a low BMI are a heterogeneous group. Low BMI can result from illness or loss of muscle mass, but it also may re¯ect low FM. Therefore, it is dif®cult to interpret the risks associated with a low BMI.
Both WHR and skinfold thickness are less determined by fat-free mass (FFM) than BMI. The WHR is a re¯ection of body fat distribution and was positively related to mortality. The sum of the triceps and subscapular skinfold thickness can be seen as a measure of subcutaneous fat, and was inversely associated with mortality, although not as strong as BMI. Figure 2 Age-adjusted absolute mortality rates according to tertiles of body mass index (BMI), waist-to-hip ratio (WHR) and skinfold thickness.
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This implies that abdominal or visceral FM is a more important determinant of mortality in the elderly than subcutaneous fat. This is in agreement with the fact that the WHR is more strongly related to the metabolic consequences of adiposity, such as high cholesterol, hyperinsulinaemia, and hypertension, than BMI. 29 In addition, Japanese-Americans may be particular susceptible to the input of WHR, as a previous paper on Japanese-American men found that the association between WHR and coronary heart disease was independent of BMI, whereas the association between BMI and coronary heart disease was not independent of abdominal adiposity. 30 It has been suggested that waist circumference alone is a better prediction of visceral adiposity than the WHR. 31 In addition, the use of a ratio does not always guarantee adequate control for confounding and may hamper the interpretation of the results. 32 However, in this sample of Japanese-American men, the waist circumference yielded essentially the same results as the WHR. For comparability with other studies, we chose to present the results on WHR instead of waist circumference alone.
Conclusion
This study suggests that, in the elderly, a low BMI is a strong predictor of increased mortality, regardless of the WHR. The mortality risk was not increased in subjects with a high BMI or skinfold thickness. In contrast, a high WHR was related to an increased risk of dying in older subjects, especially when BMI or skinfold thickness was high. Clinicians should be aware of the fact that the elderly with a low BMI, may have an increased mortality risk and that older overweight people may bene®t from reducing their abdominal FM.
